INTRODUCTION
The work of F. W. Clarke l called attention to certain relations among the inorganic constituents contributed to sediments by marine invertebrates, but in that study little or no attention was paid to the organic constituents. In fact, the samples were purposely ignited prior to analysis in order to destroy the organic matter. The organic contributions have long been of interest to economic geologists because of their bearing on the formation of coal and petroleum, and aside from i Clarke, F. W., and Wheeler, W. C., The inorganic constituents of marine invertebrates: U. S. Geol. Survey Prof. Paper 124,1922. 72045-37 this feature they are of great interest to the geochemist on account of their variety and the chemical features involved in their progressive changes. Yet the organic constituents have been given relatively little study.
The organic constituents may include plant residues as well as animal remains, debris of microscopic algae, fatty material, the indefinite mixture termed "sapropel"-in short, a great variety of chemical compounds. These substances conceivably differ from one sediment to another, so that many sedimentary deposits should be examined and compared, but on account of the time required to make such studies, progress is necessarily slow, and hence the aim of the present paper is chiefly to describe in some detail what has been found about the nature of the organic matter in a single sediment.
In a recent paper by the writers 2 it was suggested that fatty acids may find their way into marine sediments in the form of insoluble calcium and magnesium salts. That viewpoint has been kept in mind in the present study. The experimental work here described is almost entirely that of the junior author, but responsibility for certain details of the investigation and for the conclusions is shared by the senior author.
Twenhofel 3 has summarized such information as is available on the more general chemical composition of sediments. The content of organic matter in sediments has also been rather fully studied by Trask, Hammar, and Wu,4 but in attempting to cover a verylarge field they were obliged to limit their work for the most part to determinations of carbon and nitrogen, supplemented by the use of the customary solvents for organic matter. A beginning was made in studying the nature of the organic matter in some samples, but much remained to be done, and it seemed well worth while to the writers to make a more extended analysis of the organic matter in a single sediment. They are greatly indebted to Mr. Trask for helpful suggestions in the preparation of this paper.
David White 5 gives a concise summary of the present knowledge of the chemical changes in sediments. He points out that the carbonaceous material originally consists principally of the residues of plants or animals, more especially of plants. The early chemical changes are largely covered by the single word "decomposition", including biochemical decomposition, and the later changes are referred for the most part to those observable in the solid residues, the coals.
As a matter of fact, sapropel may also contain a high percentage of coprolitic matter, ejected or nonassimilable by both organisms and bacteria, which tends to accumulate because it is nonassimilable. Just what kinds of compounds may be so classed under marine conditions is not well known. Possibly waxlike substances, carbohydrates, fats, fatty acids, and soaps are the principal types. Anaerobic bacteria tend in the earlier stage of their activity to develop acidity, but where protein material is available the ammonia generated by its decomposition tends to produce an alkaline environment, at least temporarily, and sea water itself has an alkaline reaction. Some bacteria and lower organisms are poisoned by the higher fatty acids and soaps. Other bacteria convert different fatty acids into methane rather than into the expected higher hydrocarbons.6 On the other hand, some bacteria and molds produce fats.7 Hammar 8 concludes from an extensive survey of the literature that there is little or no evidence that hydrocarbons higher than methane are formed from other organic substances by bacteria.
These conflicting statements leave some doubt as to the fate of fatty acids from anaerobic bacterial attack, but in any case there will still remain the humus or residue. In this connection Waksman 9 says: "The marine humus, just as the soil humus, is formed by similar micro-organisms in a very similar manner", but certain differences in chemical nature from land humus are accounted for by the fact that marine residues, from which all or part of the humus is formed, are different in chemical composition from the land residues from which soil humus is formed. Thus, land vascular plants have a notable lignin content, which is lacking in algal material. For the problem here considered the principal differences in the marine environment are the alkaline reaction of the water and the presence of calcium and magnesium salts. The ' White, David, in Twenhofel, W. H., op. cit., p. 415 ; The origin of petroleum, in Petroleum investigation: 73d Cong. (recess), Hearings on H. Res. 441, pt. 2, pp. 898-906, 1934. 6 Thayer, L. H., Bacterial genesis of hydrocarbons from fatty acids: Am. Assoc. Petroleum Geologists Bull., vol. 15, pp. 441-453, 1931. 7 Ward, G. E., Lockwood, L. B., and May, O. E., Production of fat from glucose by molds: Ind. and Eng. Chemistry, vol. 27, pp. 318-322, 1935 
SOURCE OF SEDIMENT STUDIED
The sample of sediment used in the present investigation was collected by E. T. Erickson in September 1932, at a locality in Chincoteague Bay, Va., about half a mile northwest of Killick Shoal Lighthouse, at the point marked "X" in plate 15. Here the bottom of the bay was approximately level and was just reached with an ordinary long-handled shovel from a small boat. The nearest land was the eastern member of a group of islands in Chincoteague Channel, about a mile south. Dr. Paul Bartsch, of the United States National Museum, to whom acknowledgment is gratefully made, suggested this locality on account of its marine life and convenient accessibility from Washington. Acknowledgment is also made to Mr. Archie Bradford, of Chincoteague Island, for assistance in collecting the sample and other materials studied. The water is essentially coastal sea water in a marginal lagoon or bay. The land nearby is covered with saltmarsh grass, and the shores are strewn with abundant masses of algae. In the water or on the bottom may be found fishes, sponges, and oysters. But K. E. Loliman, of the Geological Survey, found no Foraminifera or diatoms in the sample collected, which is mainly quartz sand with some mud. Dr. Bartsch suggests that the absence of diatoms may be due to their effective removal from the water by oysters, whose culture has increased in the bay in recent years.
The sample was dark gray when wet, lighter gray when dried. Its inorganic chemical composition is shown in table 1. Total. ________ 100.50
ORGANIC CONTENT OF THE SAMPLE
The organic content of the sample, other than carbonate, was small-approximately 0.7 percent, based on the total products extracted. The material dried on the steam bath gave 0.41 percent of carbon as the average of three determinations (0.38, 0.45, 0.40) , and 0.0755 percent of nitrogen as the average of two determinations (0.076 and 0.075). Engler 10 has expressed the view that little nitrogen is to be expected in sedi-mentary sapropelic matter, as the nitrogen would be removed by biochemical processes before or during deposition. These are the first changes affecting the chemical composition of the sapropel. Nitrogenous compounds tend to move in a cycle rather than to become fixed in sediment, but according to Trask the nitrogen in most sediments ranges from one-seventh to one-eighteenth of the carbon. 11 In living matter the nitrogen-carbon ratio has a wide range, depending on the nature of the material.
The main organic substances or classes of substances separated from the sediment of Chincoteague Bay are as follows: It should not be thought that these substances necessarily exist as such in the free state in the sediments. There is clear evidence that some of them do not, although some may. One of the most difficult parts of the problem is to determine in what form they are actually present.
It seems clear that sulphur is present in the free state, though some may also be combined. Chlorophyll is probably present in the free state and in residues of plant tissue. The chemical formula of alpha-chlorophyll is C55H72O5N4Mg, with a carbon-nitrogen ratio of 11.8. This complex molecule is decomposed by treatment with either strong acids or alkalies and yields methyl alcohol and phytyl alcohol, C2oH4oO, a primary unsaturated, monohydric alcohol, but it apparently dissolved directly without decomposition in the alcohol with which the organic matter was extracted from the sediment. The "algin" appears to be a colloidal complex of a hygroscopic nature. The writers believe that some of the "humic acids" and probably also some of the fatty acids are present as calcium and magnesium salts.
The waxes probably occur in the sediment in the free state; chemically these substances are salts or esters of the higher alcohols and aeids. Kramer and Spilker 12 found that "sea-weed wax" obtained from algae appeared to consist of esters of alcohols containing 20 to 22 atoms of carbon united with arachidic, behenic, and lignoceric acids, and that it had a fairly low melting point. The wax from diatoms melted at 50° to 70°u C.13 Waxes extracted from peat melt much higher.14 Wax from the Chincoteague Bay sediment ranged in melting point from 25° to 90°, indicating a great variety of compounds. The survival of waxes in the sediments suggests that they are not assimilated by animals, though no direct evidence on this point is available. They may possibly even be built up by micro-organisms.
Extraction of the sediment with alcohol having removed "algin", chlorophyll, sulphur, wax, and some oily matter, the material was next treated either with ammonia or with dilute caustic soda solution. This procedure raises the question of the nature of the action of these reagents. It is well known that they bring a large proportion of organic matter into solution, but do they act simply as solvents and as hydrolyzing agents or by base exchange, forming salts with weak acids and compounds carrying exchangeable hydrogen? It seems likely that calcium and magnesium salts of organic acids may be present in the sediments rather than the free acids, and therefore the action of the alkalies is probably in part of the nature of a base exchange. If it is desired to minimize decomposition of the higher and complex molecules during the extraction, ammonia is preferable to the caustic alkalies on account of its milder action on the organic compounds.
Schreiner and Shorey 15 emphasize the fact that the organic matter of soils is reactive to the inorganic matter, and the same must be even more true of sediments deposited in sea water, which contain calcium and magnesium ions available to form insoluble compounds with such acids. In other words, the organic "acids" may be present in part as inorganic salts, besides existing as esters and adsorption complexes. Although this is not a new idea, it has received little emphasis heretofore.
At least two lines of evidence offer support for the idea. First, when the organic matter is extracted and concentrated in certain solvents, as described in the following pages, an inorganic part containing SiO2, K2O3, MgO, CaO, and a few other oxides tends to accompany the organic matter. Second, when the organic acids are set free with hydrochloric acid, extracted with benzene, then with alcohol after evaporating the benzene, the alcoholic solution gives a precipitate with sea water. A precipitate may also be obtained, if fatty acids are initially present, with an alcoholic solution of calcium acetate-a test proposed by Mr. Erickson. Such a solution is easily made by shaking at intervals during 15 minutes about 1 gram of. calcium acetate with 55 milliliters of 95-percent alcohol and filtering, and it appears to be a convenient reagent for some purposes. That the reagent indicates the presence of fatty acids only has not been shown. The facts so far established are simply that "organic acids" are present in the sediment in small quantities and may be shown to give calcium precipitates with the reagent, or sea water, and among the acids so far identified are members of the paraffin series generally termed the "fatty acids."
Nitrogen was proved to be present in the humic-acid groups, though partly lost in the extraction. It is probably present largely as protein, but just what kind of protein has not yet been determined.
METHODS OF SEPARATING THE ORGANIC MATTER
The general scheme of analysis and separation of the different groups of constituents is shown in tables 2 and 5. In these tables the following abbreviations are used: R, residue; F, filtrate; P, precipitate; E, extract; S, solution. The figures in the tables refer to weights in grams of the different fractions obtained. The scheme is partly modeled on the work of Oden,lti partly on that of Schreiner and Shorey 17 and on other work. These methods are the best so far developed for separating the organic matter into classes which can be tested for individual substances. The time has not yet arrived when some specific test can be made for each substance or even for each class of substances. The desired knowledge can be obtained only by successive approximations through a series of steps. The original samples were dried on the steam bath before weighing out portions for study. 
HOT AICOHOL EXTRACT
A portion of the sample weighing 811 grams was extracted three times with 95 percent ethyl alcohol on the steam bath in a covered flask, using about 600 milliliters of alcohol each time. The duration of the heating varied from several days for the first extraction to overnight for the last one. While hot, each alcoholic solution was filtered. The first filtrate was noticeably green, the last practically colorless. This procedure left residue R t, which was reserved for further treatment.
The combined alcoholic extracts (Fx) were evaporated to 50 milliliters and filtered. The insoluble material thus obtained was heated with successive small quantities of alcohol and filtered off until it was practically white and nearly free from organic matter; it then weighed 3.76 grams (R4).
The combined alcoholic nitrate (F5), evaporated to about 50 milliliters, was then placed in a separatory funnel and extracted several times with light petroleum ether. The first ether extract had a strong green color; the last was only slightly colored. Some green matter also remained in the residual alcoholic solution, thus showing at least two kinds of green pigment. Ordinary chlorophyll is soluble in light petroleum ether. The total ether extract weighed 0.333 gram.
PETROUEUM ETHER EXTRACT
The ether extract (F6), after evaporation of the solvent, was treated with small quantities of alcohol until little coloring matter remained. Waxy matter tended to remain in the insoluble part (R6). The treatment was continued until from the soluble portion a final green viscous residue was obtained which would all dissolve in about 1 miliiliter of alcohol (F7).
On treating the residue from evaporation of F7 with still less alcohol the green portion was distinctly more soluble than the remainder. In this solution cholesterol was identified by the digitonin reaction, 18 but the '« OdSn, Sven, Die Huminsauren; chemische, physikalische und bodenkundliche Forschungen: Kolloid-chemisehe Beihefte, Band 11, pp. 76-260, 1919. 17 The rest of F7 was then saponified with alcoholic potash solution. A little lead acetate solution was then added, which resulted in precipitation of the lead salts of the organic acids. The lead precipitate was filtered off, washed with hot water, dried, and decomposed with warm 20 percent hydrochloric acid, and the resulting mixture was extracted with benzene. The benzene solution, when separated in a separately funnel, yielded 0.039 gram of oil-like matter on evaporation. This fraction may represent acids derived from algal oils. The remaining acid solution on evaporation to dryness and extraction with alcohol yielded 0.029 gram of brown amber-colored material that was fairly solid at room temperature. These acids were not fully studied. The filtrate from the lead salts, which may have contained alcohols, was colorless. It was not studied further.
The residue of wax (R6) was fractionated with ether to separate sulphur. Repeated slow evaporations of the ether solution yielded small crystals of sulphur, which were picked out with a needle, with the aid of a hand lens, giving in all 0.051 gram of sulphur.
The wax was then subjected to a series of fractionations in different solvents, with tests of each fraction, as shown in table 3. The first fraction of wax represents the portion of R6 that is relatively insoluble in alcohol but more soluble than in benzene, and similarly for the succeeding fractions. MJSolde, D., op. cit., p. 519.
RESIDUAL ALCOHOLIC SOLUTTON
The alcoholic solution (SJ remaining in the separatory funnel after treatment with light petroleum ether still contained some green material. The mixture was extracted with benzene, yielding two layers; the benzene solution on evaporation left a green residue, E2, weighing 0.055 gram, which was partly crystalline. On account of its small weight this residue was not studied further.
On evaporating the remaining alcohol to a small volume, a further small quantity of inorganic salt was precipitated, which was added to R4-The remaining alcoholic solution, which contained considerable organic matter, was evaporated, and yielded approximately 0.30 gram of olive-gray organic matter (R3) that appeared either dry or moist according to the humidity of the air. This material was thought to be an inorganic salt of an "algin" component. It appeared to be a complex mixture of carbohydrates and other organic matter and some inorganic matter.
When heated directly in a test tube it yielded some volatile tarry or oily matter and left a carbonized residue. Similar material was later found in the alkali extracts. The dried residue was extracted with small volumes of absolute alcohol and yielded 0.0264 gram of insoluble material (Ri3) and 0.1509 gram of soluble material (Fu). These two parts were studied as thoroughly as the rather small quantities would permit.
• The insoluble part (Ri3) was too small to study very thoroughly, but as tests showed that considerable inorganic matter accompanied the organic, a partial analysis was made, with the following results:
Results of partial analysis of inorganic matter in RW On digesting a portion with hydrochloric acid, evaporating, and extracting with benzene, a soft material resembling a fafcty acid was obtamed. This material, when dissolved in alcohol, gave a fairly definite precipitate with a solution of calcium acetate in alcohol. This precipitate appears to be one of the fractions hi which part of the calcium and magnesium salts of the organic acids became concentrated.
The part soluble in absolute alcohol (Fi4), which weighed 0.1509 gram, gave the following results: This fraction was only slightly soluble hi benzene, yielding a minute quantity of free sulphur and waxlike material. A small quantity of the dried material, on testing with dilute sodium hydroxide and iodine solution at room temperature, soon gave a persistent odor of iodoform, like that given by levulinic acid. It is thought that this acid or some analogous acid was present in this fraction. Similar material might possibly have been found in portions E2, R6> and F7, if tests had been made.
Results of partial analysis of inorganic matter in FU
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The same lot of the sediment was heated a fourth time with alcohol, and the alcohol was filtered off hot and evaporated, yielding a further small quantity of inorganic salts and some organic matter. It is unnecessary, however, to give details of these tests, as they yielded results essentially similar to those already described, except that the quantities of material obtained were smaller. Unfortunately lack of time has prevented the determination of the carbon-nitrogen ratios in the different fractions. Such determinations, as Mr. Trask has pointed out: in conversation with the writers, would be very desirable for comparison with his results and would help to throw light on the nature of the organic material. Some nitrogen compounds were indeed obtained in the extractions with sodium hydroxide described later, but it was felt that this treatment also caused a partial loss of the nitrogen.
TEST OF THE SALTS FOR ORGANIC ACIDS
If calcium salts of the fatty acids, for example, were present in the sample, some of them would probably have been dissolved by the large volume of solvent alcohol used, but they would also probably have tended to reprecipitate along with the inorganic salts as the alcohol was evaporated, as the solubility of such salts is generally low. Few exact figures on their solubility are available. Beilstein 21 gives the solubility of calcium palmitate in alcohol at 20° C. as 0.0103 part per hundred. K. J. Murata, of the Geological Survey laboratory, in studies now in progress, finds 0.0074 part of calcium mucate (CaC6H8O8.4H2O) per hundred at 25° C.
Two grams of the inorganic salts (R4) separated by concentration of the original solvent alcohol was heated with 55 milliliters of 10 percent hydrochloric acid and, on cooling, extracted with benzene. Evaporation of the filtered benzene gave a somewhat colored waxlike residue weighing 0.0059 gram. This was treated with 2 milliliters of alcohol, and 0.2 milliliter of the calcium acetate reagent was added to the filtered solution. A precipitate resulted about equal in bulk to that obtained from 1 milligram of palmitic acid. Hence, the quantity of calcium soaps extracted by the alcohol was insignificant compared with the fatty acids found later on treatment with caustic soda (EO. The writers accordingly conclude that the calcium soaps are held hi the sediment in an adsorption complex, from which they are not removed by such a solvent as alcohol but are easily brought into solution by metathesis with the strong alkali.
A recent paper by Duncan 22 calls attention to the fact that calcium and magnesium salts of certain sulphonated alcohol esters are easily or moderately soluble in water, and hence esters of this type may probably be excluded from consideration as constituents of sediments formed in sea water, unless they also should be held in an adsorption complex.
TREATMENT WITH AMMONIA
The residue KI, after extraction with alcohol as previously described, was treated five times at about 97° C. with dilute ammonia, in 600-milliliter portions in flasks immersed in a steam bath. Each portion after filtration was slowly evaporated to about 150 milliliters. This treatment resulted in a "reversal" or reprecipitation of dissolved material (Rio). Absorption of carbon dioxide from the air may have helped to cause the reprecipitation. The total "reversed" precipitate amounted in all to 0.8641 gram, or 0.31 percent of the sample (811 grams).
The dark-brown ammoniacal filtrate was found to yield a precipitate with sea water. For example, 2 milliliters of the filtrate, on standing 10 days with an excess of sea water, lost its amber-brown color, and a flocculent precipitate appeared in the bottom of the solution. Table 4 summarizes the results of the extractions with ammonia. The third column gives the weights of the "reversed" precipitate (Ri0). The next two columns give the material precipitated on neutralization with 25 milliliters of acetic acid, expressed as material insoluble and material soluble in hot alcohol. The last two columns give similar figures for the material remaining in the acetic-acid solution. Extracts 2 and 3 were combined to save time. The terms "1st" and "2d" under "reversed" precipitate refer to successive crops. All these fractions contained organic matter, ranging from perhaps 10 to 94 percent, but some also contained considerable inorganic matter. The inorganic matter appeared to be more than would be expected in products of ordinary solubility and must have included some organic compounds, or else the excessive solubility must have been due to the presence of organic matter. Silica was high in some of these extracts, also sulphate.
The two largest portions of the "reversed" precipitate noted in table 4 (0.6847 gram) were partially analyzed, with the following results:
Partial analysis of greater part of "reversed" precipitate The calcium acetate test, when applied to the alcohol extracts, gave results similar to those obtained with the larger fractions. The alcoholic solutions evidently contained other organic matter, in addition to fatty acids. They gave brownish-white precipitates with alcoholic lead acetate. The final ammoniacal extracts noted above were dark, but were not studied further.
The fraction precipitated by acetic acid and insoluble in alcohol (Kn) gave the following results: When examined by the method of Tollens and others,23 this material appeared to contain pentosans, as it yielded 2.6 percent of methyl pentose and 2.8 percent of pentose. It probably also contained socalled "humic acids."
The fraction precipitated by acetic acid and soluble in alcohol (F12) gave the following results:
Partial analysis of fraction F\t, Fatty acids were definitely obtained from this material by the procedure previously described. The material was low in inorganic matter. It probably also contained pentosans and alcohol-soluble "humic acids."
The remainder of the acetic-acid solution gave 6.671 grams of material insoluble in alcohol (Ri2). It was analyzed with the following results: Methyl pentose was estimated at 2.1 percent in this fraction and pentose at 4.2 percent. The fraction, though insoluble in alcohol, is soluble in water and is the dominant fraction of organic matter in the sediment. Some sodium sulphate appears to be present. Some marine algae gathered at the time the sediment was collected gave similarly from the dried material 5.9 percent of methyl pentose and 3.7 percent of pentose-a result which strongly suggests that marine algae are a prominent source of organic matter in the sediment. The material in fraction R 12 forms a precipitate with sea water more slowly than the fraction precipitated by acetic acid (F12). In addition to the pentoses some acids are probably present, though they were not identified. In a similar fraction from s» Mayer, Willy, and Tollens, B., Ueber die Fnkose und die Bestimmung der methyl Pentosane in Naturprodukten: Jour. Landwirtschaft, Band 55, pp. 261-271, 1907. soil Shorey 24 found saccharic acid ((CHOH)4 (COOH) 2), acrylic acid (CH2 :CHCOOH), and some amino acids.
The material of the last fraction (Fi3) was ambercolored and somewhat sirupy in appearance. That it contained some carbohydrate was shown by the Molisch alpha-naphthol test.
ACTION OF SODIUM HYDROXIDE FIRST EXTRACTION
As an alternative to the treatment with ammonia use was also made of the more drastic reagent sodium hydroxide. The procedure is outlined in table 5. A separate portion of the original sample weighing 863 grams was extracted with alcohol, as previously described, but beginning with the residue R! this material was next heated for a week with about 750 milliliters of 2 percent sodium hydroxide solution in a flask immersed in a steam bath. The neck of the flask protruding from the steam bath was covered with a watch glass to prevent evaporation. The hot solution was filtered off, the residue was washed briefly with water, and the filtrate (F2), which was dark from organic matter, was made slightly acid with hydrochloric acid. The resulting flocculent precipitate (P t ) was filtered off, washed briefly with water, and transferred while moist to 95 percent alcohol. This mixture was boiled and filtered, thus yielding Oden's "alcoholinsoluble" humic-acid complex (P2). This material was dried and weighed 0.312 gram. More was obtained from further treatments, as described below, and the weights given in table 5 represent the totals of four extractions (also summarized in table 6).
The alcoholic filtrate of considerable volume from P2 (F4), which was also dark from organic matter, was treated with an excess of alcoholic lead acetate, heated on the steam bath, and filtered, yielding the insoluble lead salts (P3) and a soluble portion (F7).
The lead salts insoluble in alcohol (t^) were digested with 20 percent hydrochloric acid, the acid slowly evaporated, and the residue extracted with alcohol. The alcoholic solution was transferred to a porcelain dish and evaporated; the first residue weighed 0.280 gram, and succeeding portions similarly treated gave a total yield of 1.007 grams (R8). This material, which was not very soluble in benzene, is the analytical equivalent of Oden's "hymetanelansaure", or alcoholsoluble humic acid.
The soluble portion (F7) was evaporated, digested with 20 percent hydrochloric acid, and extracted with benzene. This procedure left a residue (R7). The extract (E^ contained mainly solid fatty-acid material, the first yield weighing 0.0455 gram and the total 0.293 gram. Its treatment is described more fully below. The aqueous filtrate (F3) from the precipitate of humic material, produced on acidifying with hydrochloric acid, was evaporated and the residue extracted with alcohol a few times until the salts were white. The final material soluble in a little alcohol (E2) weighed 1.80 grams and the total 3.87 grams, as shown in table 6. Practically none of it was soluble in benzene. Its further treatment is also described below with that of the other portions.
ADDITIONAL, EXTRACTIONS
The whole extraction with dilute alkali was repeated twice on the same material with 5 percent potassium hydroxide, and a fourth time with 10 percent potassium hydroxide. The yields of the separate fractions are shown in table 6. Probably a stronger alkali would have hastened the extraction somewhat. The final residue after four treatments was light gray when dry and contained very little remaining organic matter, as shown by the fact that on heating some of it in a test tube there was scarcely any detectable ordor of organic matter, and no tarry or visible fumes of organic matter appeared.
The same observation was made with the residue remaining from the extractions with ammonia. During the course of the extractions the color of the residues lightened appreciably and the yields of organic matter successively decreased. From these facts it is concluded that practically all the organic matter was removed from the sample.
EXAMINATION OF THE FATTY-ACID MATERIAL (Ei)
Fraction EX was examined by the Varrentrap method for the presence of unsaturated liquid and saturated solid fatty acids. The method is directly applicable to mixed free fatty acids.25 The acid material was dissolved in about 25 milliliters of 95 percent alcohol and titrated to neutrality with tenth-normal sodium hydroxide, using phenolphthalein indicator. The alcohol was then largely evaporated, diluted to 50 milliliters with water, and heated, and an aqueous solution of lead acetate was added in excess, which precipitated practically all the fatty-acid material. After filtering, the evaporated filtrate gave a residue consisting of the excess of lead acetate reagent with practically no indication of organic matter. The filtered lead precipitate was carefully dried at low temperature and extracted with ether, which is supposed to dissolve the lead salts of the liquid fatty acids. This separation was apparently not complete, as only 0.0127 gram of liquid acids was obtained out of a total of 0.2925 gram.
Both portions were therefore again combined and then separated into different fractions by fractional precipitation of their magnesium salts with alcoholic magnesium acetate solution, according to the method of Heintz.26 The alcoholic solution was concentrated until an appreciable fraction was precipitated. This was filtered off and the solution concentrated further, giving a second fraction, and so on until seven fractions had been obtained and a final mother liquor remained. Each fraction was then recrystallized from hot alcohol, the filtrate from each fraction being added to the solution of the next one. A freshly prepared solution of magnesium acetate was used. The several magnesium salts were eventually decomposed with a few miUiliters of 20 percent hydrochloric acid, and the free acids were extracted with benzene. The observations made on these acids are given in table 7. The range in melting point of the fatty acids was thus found to extend from below 37° to 71° and is typical of the fatty acids commonly found as esters in vegetable and mineral oils. capric, 31.4°. The last two are found in vegetable oils. Although the oils in living matter are generally high in unsaturated constituents, the sediment examined was relatively low in such substances. Thus there seems to be no doubt that fatty acids were identified as such in the final tests and that they were present in the original organic matter in some form insoluble in hot alcohol. With the fatty-acid material there may have been some related acids, as indicated by the low melting points of the first subtractions of fractions 1 and 2 (table 7) . Their magnesium salts were less soluble than those of the succeeding fractions of acids having higher melting points. Methods for the identification of such possible compounds, however, will have to await further research.
The portion E2 was tested for carbohydrates by the Molisch reaction 27 with alpha-naphthol, and a distinct positive reaction obtained. The nature of the carbohydrate was revealed further by the aniline acetate test, which showed that some pentose and possibly a little hexose, such as fructose or sorbinose, was present.
A portion of E2 weighing 0.4168 gram was dissolved in about 25 milliliters of water, 0.25 gram of sodium hydroxide added, and the solution evaporated to M Mulliken, S. P., The identification of organic substances, vol. 1, p. 26, New York, John Wiley & Sons, 1904. dryness. The material was extracted several times with warm alcohol, which dissolved the remaining sodium hydroxide but very little organic matter. The brown residue, easily powdered, gave 6.3 percent of ash on ignition. Apparently a sodium salt of the material was formed which was insoluble in alcohol, although the material before conversion to the sodium salt was soluble.
Sodium hydroxide has long been used in extracting the organic matter of soils, and a considerable number of compounds have been thus isolated and identified.28 For some constituents, portions weighing 50 pounds were necessary in order to obtain identifiable quantities of the organic compounds. Similar methods might well be applied to sediments.
